Abstract: Dietary habits of healthy offspring with a positive family history of premature coronary artery disease (P-CAD) have not been studied so far. The aim of this study was twofold: (1) to identify dietary patterns in a sample of young healthy adults with (cases) and without (controls) family history of P-CAD, and (2) to study the association between dietary patterns and family history of P-CAD. The data came from the MAGNETIC case-control study. The participants were healthy adults aged 18-35 years old, with (n = 351) and without a family history of P-CAD (n = 338). Dietary data were collected with food frequency questionnaire FFQ-6. Dietary patterns (DP) were derived using principal component analysis (PCA). The associations between the adherence to DPs and family history of P-CAD were investigated using logistic regression. Two models were created: crude and adjusted for age, sex, smoking status, place of residence, financial situation, education, and physical Nutrients 2018, 10, 1488; doi:10.3390/nu10101488 www.mdpi.com/journal/nutrients Nutrients 2018, 10, 1488 2 of 13 activity at leisure time. Three DPs were identified: 'prudent', 'westernized traditional' and 'dairy, breakfast cereals, and treats'. In both crude and adjusted models, subjects with family history of P-CAD showed higher adherence by 31% and 25% to 'westernized traditional' DP (odds ratio (OR) 1.31, 95% confidence interval (95% CI): 1.12-1.53; p < 0.005; per 1 unit of standard deviation (SD) of DP score and adj OR 1.25, 95% CI: 1.06-1.48; p = 0.007; per 1 unit of SD of DP score, respectively). Young healthy adults with family history of P-CAD present unfavorable dietary patterns and are potentially a target group for CAD primary prevention programs.
Introduction
Premature coronary artery disease (P-CAD) has a multifactorial etiology and is most likely a mixture of genetic and environmental factors. The relationship between family history of P-CAD in first-degree relatives and increased risk of atherosclerosis-based diseases is well described [1] [2] [3] [4] . A particularly robust factor affecting the offspring is myocardial infarction (MI) occurrence before the age of 55 for men and 65 for women [2] . It has been estimated that the age-adjusted odds ratio of cardiovascular events is around 2.5 greater among individuals with family history of P-CAD [1] , with a further 10-fold increase if the first-degree relative was affected under the age of 45 [3] . Among patients with family history of P-CAD, a more frequent occurrence of hypertension, hypercholesterolemia, abdominal obesity, and smoking has been reported [4] . A better understanding of the genetic and environmental background of the disease could result in a substantial progress in successful screening [5] . However, this also resulted in the focus of care provision being diverted from primary care to early diagnosis and pharmacological treatment. As highlighted by Jeemon et al. [6] , a shift from a 'reactive' to a 'proactive' approach in the preventative management of patients with family history of P-CAD should receive more support.
Prevention mostly relies on lifestyle modifications. Poor dietary habits are one of the critical environmental factors for CAD occurrence in general population [7] . Conversely, healthy dietary patterns-characterized by high intake of low-fat dairy products, whole grains, vegetables, and fruits-are associated with a lower risk of death due to CAD and a lower risk of non-fatal MI incidence within nearly 28 years of observation [8] . Inadequate nutrition and smoking are highly prevalent among cardiovascular patients [9] and may cluster with other unfavorable behaviors such as excessive drinking and low activity level [10] , increasing the cumulative effect of multiple risks. A study among young adults with P-CAD revealed that their smoking habit was correlated with parental smoking [11] . The study, however, did not provide information regarding characteristics of the diet in affected families. We hypothesized that, in a similar manner, unhealthy dietary habits may be passed on to the offspring in families with a history of P-CAD.
To our knowledge, dietary habits of the offspring of P-CAD patients have not been yet studied. Particularly, in the context of dietary patterns (DPs) derived with the use of multidimensional statistical techniques. Since no foods nor nutrients are consumed in isolation, the proposed DPs approach appears to better reflect the complexity of 'real life' diet, by analyzing the associations between combinations of different foods, specific to the studied population, and health outcomes [12] . Filling this research gap can provide an essential insight into the associations between diet and familial history in this specific group of patients.
The aim of this study was twofold: (1) to identify dietary patterns in a sample of young healthy adults with (cases) and without (controls) family history of P-CAD, and (2) to study the association between dietary patterns and family history of P-CAD.
Materials and Methods

Study Design and Sample
The following analysis is a part of the Metabolic and Genetic Profiling of Young Adults with and without a Family History of Premature Coronary Heart Disease (MAGNETIC) project, which is a case-control study that aims at analyzing classical and genetic risk factors of CAD in healthy young adults with and without a family history of P-CAD. Study design and methodology of the MAGNETIC project have been described previously [13] . In brief, the study sample was recruited between July 2015 and October 2017. The frequency matching method was used; gender as a matching variable. The inclusion criteria were: age ≥18 and ≤35 years old, P-CAD (myocardial infarction, percutaneous coronary intervention or coronary artery bypass grafting before the age of 55 in men, and 65 in women) in first-degree relatives (cases) or no P-CAD in first-degree relatives (control group). The exclusion criteria for both groups were: age <18 or >35 years, failure to provide informed consent, pregnancy, lactation, and acute or chronic diseases requiring pharmacotherapy. Subjects with a positive family history of P-CAD were recruited in two ways: (1) from healthy subjects aged 18-35 years, who were asked to participate in screening appointment at the Silesian Center for Heart Diseases, who provided documented proof of P-CAD history in their first-degree relatives, and (2) from the healthy offspring of the center patients, hospitalized in 2010-2017 due to P-CAD, who gave permission to be contacted once the treatment was completed. The control group was recruited from healthy subjects aged 18-35 years, who were asked to participate in screening appointment at the center, who confirmed no family history of P-CAD. In total, 689 subjects met the inclusion criteria and were included in the study. Of these, 351 (50.9%) had a parent with documented P-CAD (cases), and 338 (49.1%) subjects reported no family history of P-CAD (controls). The recruitment flow chart is presented in Figure 1 .
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Dietary Data Collection
Dietary data were collected with a validated 61-item food frequency questionnaire (FFQ-6) for adolescents and adults [14] . The questionnaire covered a whole diet, including a wide variety of foods consumed in Poland. A validation procedure of the questionnaire was carried out in healthy females aged 13-21 years (data not published, paper in preparation). In brief, the internal compatibility of the questionnaire was tested by 97 respondents. The questionnaire was completed by respondents twice (test and retest after two weeks). Fleiss' Kappa for food items ranged from 0.32 to 0.72 (on average, 0.52), and there were 94% of food items with Fleiss' Kappa above 0.4 (cut-off for acceptable compatibility for dietary data) [15] . Compatible classification of subjects (into the same category in test and retest) ranged from 51% to 89% (on average, 68%). Therefore, the FFQ-6 proved 'acceptable' to 'very good' internal compatibility and was considered as an appropriate tool to evaluate dietary habits. The wide scope of FFQ-6 application was confirmed previously by its use in a randomized controlled trial among pediatric coeliac disease patients on a gluten-free diet [16] , in the study regarding genetic-specific nutritional intervention in adult patients with non-alcoholic fatty liver disease [17] , and in lung and breast cancer patients [18] .
In this study, the self-administered version of FFQ-6 was used. Trained researchers were handing the questionnaires to the enrolled participants providing guidance and assistance as required, on the one-to-one basis. Questionnaires were completed and returned along with signed informed consents, prior to further data collection. Food frequency consumption covering the past 12 months was collected. Respondents could select one of six categories of frequency consumption, described in a range from 'never or very rarely' to 'few times a day'. For further analysis, the frequency of consumption was recalculated and expressed as times/day as follows: 'never or very rarely' = 0; 'once a month or less' = 0.025; 'several times a month' = 0.1; 'several times a week' = 0.571; 'daily' = 1; 'few times a day' = 2 [14] . Some of the food items were combined by summing their daily frequency consumption (times/day) into 26 food groups (Table 1) . 
Confounding Factors
Based on the identified in the literature common risk factors of P-CAD, the following confounders were considered: age, sex, smoking status, place of residence, financial situation, level of education and physical activity at leisure time. Data on confounders was obtained with a validated questionnaire (KomPAN) using closed structured questions [19, 20] . Physical activity at leisure time was categorized as low (sitting, screen time, reading, light housework, walking less than 2 h a week), moderate (walking, cycling, moderate exercise, working at home or other light physical activity performed 2-3 h/week), or high (cycling, running, working at home or other sports activities requiring physical effort over 3 h/week). Other variables were collected in three or four categories and then classified in dichotomous categories as follows: smoking (non-smoker or past smoker vs. current smoker), place of residence (city <20,000 inhabitants vs. city >20,000 inhabitants), financial situation (below average or average vs. above average, based on respondent's declaration), and education (primary or secondary vs. higher).
Statistical Analysis
Smoking status and financial situation variables contained missing values for 2 (0.28%) and 1 (0.14%) subjects respectively. Food frequency questionnaire contained 51 missing values out of 42,029 element response matrix (0.1%). Missing values were imputed using the missForest data imputation algorithm [21] , separately for clinical characteristics variables and food frequency questionnaire variables. All variables mentioned above, including the outcome variable, were entered into the multiple imputation algorithm; the missForest R-package was used [22] . The frequency of consumption of 26 food groups (times/day) was standardized so that that values had mean of 0 and standard deviation of 1. Principal component analysis (PCA) with varimax rotation, based on the correlation matrix of standardized variables, was used for dietary patterns identification and was described elsewhere in detail [23] . In brief, each component identifies a dietary pattern, that is a linear combination of questionnaire items. Components to retain were based on their interpretability and eigenvalues (>1) and a break-point identified in Scree test. The contribution of each questionnaire item to each dietary pattern is reflected by the item's factor loading. Rotated factor loadings > |0.30| were considered to be of significant contribution to identified dietary patterns. Dietary patterns were labeled according to variables with highest loadings for each dietary pattern. For each subject, a dietary pattern score that reflects adherence to the dietary pattern was calculated (as a sum of the product of the food frequency consumption and factor loading for 26 food groups).
Unconditional logistic regression analysis was used to assess the association between adherence to identified dietary patterns and family history of P-CAD [24] . Logistic regression models were adjusted for potential confounders: age, sex, smoking status, place of residence, financial situation, education, physical activity at leisure time (as mentioned in the Section 2.4). Separate models were built for dietary pattern scores as a continuous term (per one unit of standard deviation (SD) of dietary pattern score) and for the tertile intervals calculated for each dietary pattern score. The bottom tertile of each dietary pattern score was treated as a reference. Two-sided Cochrane-Armitage test for proportions was used to assess a trend in the percentage of patients with family history of P-CAD across each dietary pattern score tertile [25, 26] . p-values < 0.05 were considered to be statistically significant.
Results
Sample Characteristics
Compared with controls, patients with family history of P-CAD were older (average age 28.6 (standard deviation (SD) 4.6) vs. 27.3 (SD 4.2) years), more often current smokers (27.4% vs. 17.2%, respectively), and less often described their financial situation as above average (21.1% vs. 29.2%, respectively). No differences between the groups were observed regarding sex, place of residence, level of education, and physical activity at leisure time (Table 2) .
Dietary Patterns
The principal component analysis led to the identification of three dietary patterns explaining 13, 12, and 6% of the variance of consumption in 26 food groups. Total explained variation of these three dietary patterns was 31%. The first dietary pattern-'prudent'-was characterized by frequent consumption whole grain products (0.67); fruit (0.67); vegetables (0.64); nuts and seeds (0.57); milk, fermented milk drinks, and curd cheese (0.53); fish (0.0.51); legumes (0.43); eggs and egg dishes (0.42); and infrequent consumption of sugar (−0.35) and refined grain products (−0.34). The second dietary pattern, labelled 'westernized traditional' was characterized by frequent consumption of processed meats (0.58); potatoes (0.58); refined grain products (0.52); red meats (0.47); other edible fats (0.44); sweets and snacks (0.43); sweetened milk products (0.38); cheese (0.38); sugar (0.38); sweetened beverages and energy drinks (0.37); juices (0.37) and white meat (0.34). The third dietary pattern was based on frequent consumption of sweetened milk products (0.62); breakfast cereals (0.50); milk; fermented milk drinks, and curd cheese (0.36); sweets and snacks (0.36); and infrequent consumption of egg and egg dishes (−0.37) and vegetable oils (−0.33) and was labelled 'dairy, breakfast cereals, and treats' (Figure 2) . Values are mean and standard deviation (SD) or N (%). 
Dietary Patterns and a Family History of P-CAD
The percentage of patients with family history of P-CAD decreased across tertiles of 'prudent' DP scores (test for trend p = 0.02), while an increase across tertiles of 'westernized traditional' DP scores (p = 0.0007) and 'dairy, breakfast cereals, and treats' DP scores (p = 0.02) was observed. Table 3 .
In adjusted models, subjects with family history of P-CAD showed higher adherence by 72% to the 'westernized traditional' DP score in the upper tertile (OR 1.72, 95% CI (1.16-2.57), p = 0.007) when compared to the bottom tertile, and higher adherence by 25% per 1 unit of SD of dietary pattern score to this DP (OR 1.25, 95% CI (1.06-1.48) , p = 0.007). Subjects with family history of P-CAD showed higher adherence by 76% or 75% in the middle or the upper tertile of 'dairy, breakfast cereals, and treats' DP (OR 1.76, 95% CI (1.20-2.61), p = 0.004 or 1.75, 95% CI (1.19-2.58), p = 0.005, respectively) 
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Discussion
A family history of P-CAD is often perceived as a hereditary burden as well as a non-modifiable risk factor. The results of our study revealed for the first time that family history of P-CAD was associated with unhealthy dietary patterns, a modifiable risk factor. Young healthy adults with a family history of P-CAD were more likely to adhere to the 'westernized traditional' dietary pattern, in comparison to subjects without the positive family history.
The 'westernized traditional' and 'prudent' DPs are consistent with previously reported two major patterns reported in cardiovascular-related reports. The 'westernized traditional' pattern reflects the diet of many Poles who combine traditional staple foods (e.g., meat, potatoes, cheese) with western influences (e.g., refined grains, sweets and snacks, sweetened milk products, sugar, sweetened beverages, and energy drinks) [27, 28] . The results of the nationwide project (WOBASZ), indicated that the diet of only 15% of Polish people complies with the Healthy Diet Index (HDI), and 60% presents unfavorable dietary habits (i.e., excess consumption of foods containing saturated fatty acids, and insufficient intake of foods high in folates, calcium, potassium, and magnesium) [28] . The components of the 'westernized traditional' pattern coincide with the characteristics reported in previous studies, in which the 'western' pattern was associated with an increased risk of CAD [29] [30] [31] and increased concentrations of CRP, insulin, C-peptide, leptin, and homocysteine [32] . Also, an increasing trend of concentration of E-selectin, sICAM-1 and sVCAM-1 across the quintiles of the 'western' pattern was reported, suggesting that the pathogenic mechanisms may origin in endothelial dysfunction [33] . With the global westernization, this pattern is increasingly more commonly observed in children and has been linked to increased concentrations of LDL cholesterol, triglycerides, systolic blood pressure, and fasting glucose level as early as primary and secondary school age [27, 34] . The profile of this diet can be therefore interpreted as pro-atherogenic and in the long-term perspective promoting the development of coronary artery disease. Therefore, the higher adherence to this dietary pattern among young adults with family history of P-CAD is a novel but also concerning finding, that warrants further investigation.
One of the possible explanations why the offspring of P-CAD patients were more likely to adhere to the 'westernized traditional' pattern is parental modelling, and the continuity of acquired habits to adult life. Parents' behavior influences child's dietary choices and was shown to have a lasting effect, even after the transition into independent living [35, 36] . As shown by Dickens and Ogden [35] parental intake of unhealthy snacks and emotional eating predicted similar habit/behavior in young adults once they left home. Moreover, dietary patterns established in childhood and adolescence proved some consistencies over time, increasing the risk of diet-related diseases in later life [36, 37] . Our results indicate that adult children of P-CAD patients may have inherited not only potential genetic susceptibility to the disease but also lifelong dietary habits, which combined with the influences of western lifestyle, may have a detrimental effect to their health, potentially accelerating disease onset.
In our study, the crude models revealed that subjects with family history of P-CAD were less likely to adhere to the 'prudent' DP (by 18% per 1 unit of the dietary pattern score), in comparison to those subjects without a family history. Previous studies discovered, that adherence to dietary patterns, often labelled as 'prudent', 'mediterranean', or 'healthy', characterized by frequent intake of fruit, vegetables, whole grains, dairy, fish and healthy fats, have a well-documented protective effect on both, healthy individuals, and those at increased risk [28, [31] [32] [33] [34] 38, 39] . Interestingly, some studies reported that this effect is more pronounced in women than in men [40] . Perhaps, sex-influenced traits [40] or environmental factors, more common in men (e.g., smoking, alcohol drinking) [10] , attenuated the strength of this relationship. This effect was partly reflected in our study. The observed association lost its significance after the adjustment for the confounders. Although P-CAD has a strong familial genetic component, the onset of the disease is thought to be multifactorial. Especially at the early stage-when atherosclerotic changes begin to occur-the pathogenic process can be modulated by environmental factors, including nutrition [41] . Therefore, establishing healthy dietary habits (as early in life as possible) appears to be a useful preventative measure to modulate the onset or severity of the disease. The effectiveness of the family-based approach that includes screening, lifestyle interventions, and professional support in CAD affected families is currently being investigated (PROLIFIC Study) [6] .
The profile of 'dairy, breakfast cereals, and treats' DP is somewhat unique, with only few studies reporting similar results. A pattern labelled "Sweet & Dairy" (added sugar, cakes, ice-cream, coffee, eggs, butter, milk and cheese) was previously described in reports from the Italian arm of the EPIC (European Prospective Investigation into Cancer and Nutrition) study [42, 43] . Also, Nobbs et al. discovered a pattern characterized by frequent consumption of breads and cereals, sweet bakery goods, and milk products [44] . However, both studies were conducted in elderly cohorts and patterns have shown only partial similarity the one described in this paper, which makes the comparison challenging. In our study, individuals with family history of P-CAD presented higher adherence to both middle and upper tertile of 'dairy, breakfast cereals, and treats' pattern in both, crude and adjusted model. However, the odds ratios of adherence to this pattern calculated per 1 unit of the dietary pattern score did not differ between subjects with and without a family history of P-CAD. It can be explained by no linear association between this pattern and family history. Further research could evaluate the associations between the adherence to this pattern and biomarkers of CAD in general population of young adults, regardless of their family history status.
The main limitation of this study is that data regarding dietary habits of the parents diagnosed with P-CAD were not recorded. This information would allow confirming whether unhealthy dietary habits observed in the offspring were acquired at home and sustained over time or developed in young adulthood. However, when the study was being conducted, parents affected by P-CAD were already after a first cardiovascular event. Data collected at that time would not reflect their habitual diet prior to the onset of the disease. As research shows, a diagnosis is often a trigger for dietary and lifestyle changes [45] . Secondly, the cases had less favorable financial situation, were older and more often smokers than the controls. However, these factors were addressed in the adjusted model, where they served as confounding factors. Higher prevalence of smokers among cases can create a concern as to whether cases were less health-orientated than controls. Nonetheless, previous studies showed that patients with P-CAD are more often smokers and have less favorable dietary patterns, than patients without P-CAD [6, 9, 11, [29] [30] [31] . Therefore, higher prevalence of smokers among cases may be caused by parental modelling and parenting behavior effects on offspring, rather than control group selection [35] [36] [37] 46] . The strengths include a novel approach in investigating the associations between hereditary and environmental risks factors, and taking into account entire diet (food-based dietary patterns), rather than particular nutrients. This holistic approach allows us to form food-based recommendations fundamental to health education programs and prevention of diet-related diseases. Explained variation of dietary patterns (31%) was more than satisfactory, considering that the extend found in previous studies ranged between 13% to 30% [47] . Other assets of the study include a well-matched control group, homogenous offspring group, and verification of family history with angiographic documentation rather than self-reported data.
Conclusions
Young healthy adults with family history of P-CAD had less favorable dietary patterns than those with negative family history. The unhealthy habits might have been established while living in the family home and tracked into the adult life, increasing already-existing familial cardiovascular risks. Primary care interventions should focus on stressing the importance of healthy diet among adults with potential hereditary susceptibility, as well as educating CAD patients about the influence of their own diet on their offspring health status.
